DUAL-CIRCUIT REFRIGERATION SYSTEM 



BACKGROUND OF THE INVENTION 



[001] The present invention relates, generally, to a system and a method for controlling the 
temperature of an environment. Such systems, typically referred to as refrigeration systems, have 
the ability to both cool and heat an environment. The present invention comprises a refrigeration 



vehicles but can also serve as a heat pump. 

[002] Recreational vehicles such as mobile homes, motor homes, travel trailers, recreational 
vans and the like, typically, have cooling, or air conditioning systems to provide cool, 
dehumidified air to the interior environments of the vehicles. Conventionally, the systems are 
single-stage systems. That is, the systems have a single compressor, condenser and evaporator 
and one of each of the system auxiliary elements such as expansion valves and fans. Single-stage 
systems, normally, are adequate when the ambient temperature is moderate, such as in the early 
spring and late fall. However, when the ambient temperature is high, the single-stage systems are 
not always able to provide the desired cooling effect. Consequently, to some extent, dual-stage or 
dual-circuit systems of various types have replaced the single-stage systems. In some cases, only 
one of the components of the cooling system, for example the evaporator, is duplicated. In other 
cases, the entire cooling system is duplicated. 



[003] Much of the description and discussion herein relating to the refrigeration system of the 
present invention is presented with reference to the use of the invention as an air conditioning 
system for recreational vehicles. However, the invention has application, generally, as a cooling 
system. Additionally, the invention can be used as an air conditioning system with other than 
recreational vehicles. Also, the refrigeration system of the invention can be used as a heat pump. 



system that is particularly effective as a cooling or air conditioning system for recreational 



BRIEF SUMMARY OF THE INVENTION 




[004] In general, it is desirable that a refrigeration system perform its cooling or air 
conditioning function as rapidly as possible and that any method of cooling do the same. An 



example is the case of vehicles, such as recreational vehicles, the interiors of which can become 
quite warm when the vehicles remain in an idle condition for any length of time in a hot 
environment. In those circumstances a large heat load must be removed in order to bring the 
interiors of the vehicles to a comfortable temperature and humidity. It is also desirable that the 
costs of such systems and methods of cooling be reasonable. The present invention accomplishes 
both of the these objectives. Additionally, it is preferable if the air conditioning system is capable 
of being used as a heat pump and the system of the present invention has that capability. 

[005] In its most comprehensive aspect, the refrigeration system of the present invention 
employs dual refrigeration circuits. Each of the circuits has an independent compressor, 
condenser and evaporator. In one refrigeration circuit, the flow of a refrigerant from the 
condenser to the evaporator is regulated in response to variations in the heat load at the 
evaporator in that refrigeration circuit while, in the other refrigeration circuit, the refrigerant is 
passed from the condenser to the evaporator at a substantially constant rate of flow. In a presently 
preferred embodiment of the invention, the evaporators in both circuits are incorporated within a 
common heat exchanger. 

[006] In accordance with a more detailed aspect, the refrigeration system of the invention 
comprises first and second refrigeration circuits. Each refrigeration circuit includes a refrigerant, 
a compressor, a condenser, and an evaporator. A first fluid conductor in each refrigeration circuit 
connects the compressor and condenser in the refrigeration circuit for conveying the refrigerant 
from the compressor to the condenser. A second fluid conductor in each refrigeration circuit 
connects the condenser and the evaporator in the refrigeration circuit for conveying the 
refrigerant from the condenser to the evaporator, and a third fluid conductor in each refrigeration 
circuit connects the evaporator and the compressor in the refrigeration circuit for conveying the 
refrigerant from the evaporator to the compressor. A flow regulator is located in the fluid 
conductor connecting the condenser and the evaporator in the first refrigeration circuit for 
establishing a pressure differential between the condenser and the evaporator in the first 
refrigeration circuit and regulating the flow of the refrigerant from the condenser to the 
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evaporator in the first refrigeration circuit in response to variations in the heat load at the 
evaporator in the first refrigeration circuit. A flow-restricting device is located in the fluid 
conductor connecting the condenser and the evaporator in the second refrigeration circuit for 
establishing a pressure differential between the condenser and the evaporator in the second 
refrigeration circuit and passing the refrigerant in the second refrigeration circuit from the 
condenser to the evaporator in the second refrigeration circuit at a substantially constant rate of 
flow. 

[007] The refrigeration system, as described in the preceding paragraph, can be used as a 
cooling system, including an air conditioning system, or as a heat pump. The evaporators of both 
refrigeration circuits may be contained within a common heat exchanger. Further, the flow 
regulator in the first refrigeration circuit may comprise a thermal expansion valve and the flow- 
restricting device in the second refrigeration circuit may comprise a capillary tube. There also 
may be provided a controller for selectively controlling the activation and deactivation of the first 
and second refrigerant circuits in response to a temperature reference point, such as the 
temperature of air to be cooled, when the refrigeration system is used for cooling purposes, or in 
response to the temperature of the air to be warmed, when the refrigeration system is used as a 
heat pump. 

[008] In accordance with another aspect of the invention, a method of cooling an environment 
uses a cooling system having first and second cooling circuits. The first cooling circuit is 
activated when the temperature of a space to be cooled, such as the interior of a recreational 
vehicle, is at least as great as a preselected temperature. Upon activation of the first cooling 
circuit a refrigerant in the first cooling circuit is compressed in a compressor. The compressed 
refrigerant is then conveyed to a condenser in the first cooling circuit. A fluid having a 
temperature less than the temperature of the compressed refrigerant in the condenser in the first 
cooling circuit is passed over a heat exchanger associated with the condenser in the first cooling 
circuit to cool and liquify the refrigerant in the condenser in the first cooling circuit. The cooled 
refrigerant from the condenser in the first cooling circuit is then conveyed to an evaporator in the 
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first cooling circuit while the pressure of the refrigerant is reduced to allow the refrigerant to 
expand. Air from a space to be cooled is passed over a heat exchanger associated with the 
evaporator in the first cooling circuit to cool the air, and the cooled air is recirculated to the space 
to be cooled. Thereafter, the refrigerant is returned to the compressor in the first cooling circuit 
and the foregoing steps are continued in the first cooling circuit until the temperature of the space 
to be cooled reaches the preselected temperature. The second cooling circuit is activated when 
the temperature of the space to be cooled is greater than the preselected temperature by a 
preselected incremental amount, for example, three degrees Fahrenheit. Upon the activation of 
the second cooling circuit, a refrigerant is compressed in a compressor in the second cooling 
circuit. The compressed refrigerant is then conveyed to a condenser in the second cooling circuit. 
A fluid having a temperature less than the temperature of the compressed refrigerant in the 
condenser in the second cooling circuit is passed over a heat exchanger associated with the 
condenser in the second cooling circuit to cool the refrigerant. The cooled refrigerant is passed 
from the condenser in the second cooling circuit to an evaporator in the second cooling circuit 
while the pressure of the refrigerant in the second cooling circuit is reduced to allow the 
refrigerant in the second cooling circuit to expand. Air from the space to be cooled is passed over 
a heat exchanger associated with the evaporator in the second cooling circuit to cool the air and 
the cooled air is recirculated to the space to be cooled. The refrigerant is returned from the 
evaporator in the second cooling circuit to the compressor in the second cooling circuit. The 
foregoing steps are repeated in the second cooling circuit until the temperature of the space to be 
cooled reaches the preselected temperature. The rate of flow of the refrigerant from the condenser 
to the evaporator in either of the first or second cooling circuits is regulated in response to 
variations in the heat load at the evaporator in the cooling circuit in which the rate of flow of 
refrigerant is being regulated. At the same time, the refrigerant is passed from the condenser to 
the evaporator in the other of the cooling circuits at a substantially constant rate of flow. 

[009] In the method set forth in the preceding paragraph, the evaporators in both the first and 
second cooling circuits may be incorporated within a common heat exchanger. Further, in the 
presently preferred embodiment of the invention, the reduction of the pressure of the refrigerant 
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and the regulation of the rate of flow of the refrigerant from the condenser to the evaporator in 
one of the cooling circuits, in response to variations in the heat load at the evaporator, may be 
accomplished by passing the refrigerant through a thermal expansion valve; and the reduction of 
the pressure of the refrigerant and the conveyance of the refrigerant from the condenser to the 
evaporator in the other cooling circuit at, substantially a fixed rate of flow is accomplished by 
passing the refrigerant through a capillary tube. Additionally, it is presently preferred that the rate 
of flow of the refrigerant be regulated in the first cooling circuit. Controllers, such as thermostats, 
may be provided to activate the cooling circuits as required. 

BRIEF DESCRIPTION OF THE DRAWING 

[010] Referring now to the drawing wherein like elements are numbered the same in the two 
Figures: 

[01 1] FIG. 1 is a perspective view of a recreational vehicle having the cooling system of the 
present invention mounted on the rooftop of the vehicle; and 

[012] FIG. 2 is a schematic drawing of the cooling system of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[013] The refrigeration system of the present invention may be used as a cooling system, such 
as an air conditioning system, and as a heat pump system. However, to facilitate an 
understanding of the invention, the following description of an embodiment of the invention is 
based on the use of the invention as an air conditioning system for a recreational vehicle. The use 
of the invention as a heat pump system requires only that the direction of flow of the refrigerant 
in the system be reversed. 
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[014] Referring to FIG. 1, the cooling, or air conditioning, system of the invention is shown, 
generally, at 10 mounted on the roof of a mobile home 20. The system may be used with other 
types of recreational vehicles, such as motor homes, travel trailers and the like, as well. The 
operating components of the air conditioning system, typically, are supported on a base pan, not 
shown, inside an outer cover 1 1 . Ducts, not shown, are connected to the air conditioning system 
and are supported from the ceiling within the interior of the vehicle 20. The ducts are provided 
with openings from which cool air generated by the air conditioning system is delivered into the 
interior space of the vehicle. It is not necessary that the system be mounted on the roof of the 
recreational vehicle and it can be mounted elsewhere, such as below the floor of the vehicle. 
Similarily, the ducts may be located beneath the floor of the vehicle. 

[015] The components that make up the cooling system of the invention are schematically 
illustrated in FIG. 2. Basically, the system comprises two, essentially, independent cooling 
circuits 30 and 40. Each cooling circuit includes a compressor, a condenser, an evaporator and an 
expansion valve. In the cooling circuit 30, the compressor is shown at 31, the condenser at 32, 
the evaporator at 33 and the expansion valve at 39. The outlet of the compressor 31 and the inlet 
of the condenser 32 are connected by a fluid conductor 34, the outlet of the condenser 32 and the 
inlet of the evaporator 33 are connected by a fluid conductor 35 and the outlet of the evaporator 
33 and the inlet of the compressor 31 are connected by a fluid conductor 36. The expansion valve 
39 is located in fluid conductor 35 that connects condenser 32 and evaporator 33. 

[016] In the cooling circuit 40, the compressor is shown at 41, the condenser at 42, the 
evaporator at 43 and the expansion valve at 49. The outlet of the compressor 41 and the inlet of 
the condenser 42 are connected by a fluid conductor 44, the outlet of the condenser 42 and the 
inlet of the evaporator 43 are connected by a fluid conductor 45 and the outlet of the evaporator 
43 and the inlet of the compressor 41 are connected by a fluid conductor 46. The expansion valve 
49 is located in fluid conductor 45 that connects condenser 42 and evaporator 43. The fluid 
conductors in both the cooling circuits 30 and 40, preferably, are made of metal piping or metal 
conduit since, as will be understood, the cooling circuits are under a substantial pressure. 
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[017] With respect to the expansion valves, expansion valve 39 is a thermal expansion valve 
and expansion valve 49 is a capillary tube. The precise manner in which these two expansion 
valves function is described below. 

[018] As shown in FIG. 2, the condensers 32 and 42 have separate heat exchangers 37 and 47, 
respectively, such as fin packs. The evaporators 33 and 43, on the other hand, are shown as 
having a common heat exchanger 50, such as a fin pack. However, it is not essential to the 
invention that the evaporators 33 and 43 be incorporated within a common heat exchanger or that 
the condensers 32 and 42 have separate heat exchangers. The evaporators 33 and 43 may be 
provided with separate heat exchangers and the condensers 32 and 42 may be provided with a 
common heat exchanger. 

[019] Fans or blowers 51 are provided for the purpose of passing ambient air through the heat 
exchangers 37 and 47, as indicated by the arrows 52, and dispelling that air, typically, to the 
surrounding environment, as indicated by the arrows 53. Additional fans or blowers 54 are 
provided for the purpose of passing air from the space to be cooled through the heat exchanger 
50, as indicated by the arrows 55, and delivering the cooled air, as indicated by arrows 56, 
through duct work into the space to be cooled, such as the interior of the vehicle 20. 

[020] A separate fluid refrigerant is contained within each cooling circuit 30 and 40 and is 
circulated through the cooling circuit in the direction of the arrows 60 as shown in FIG. 2. 
FREON or any other suitable refrigerant may be used. The specifications of the compressors, 
condensers and evaporators used in the invention may vary and compressors, condensers and 
evaporators that are used, conventionally, in refrigeration systems may be employed. 

[021] The functions performed by the components in each of the cooling circuits 30 and 40 will 
now be described. Upon activation of the cooling circuit 30, the refrigerant in circuit 30 is 
compressed in compressor 3 1 , thereby increasing the temperature and pressure of the refrigerant. 
The compressed refrigerant is then conveyed through fluid conductor 34 to the condenser 32. As 
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the compressed and heated refrigerant is conveyed through the condenser 32, ambient air passing, 
under the influence of fans 51, through the heat exchanger 37 associated with the condenser 32, 
extracts heat from the refrigerant and, to the extent the refrigerant has not liquified, will liquify 
the refrigerant. The refrigerant, after exiting the condenser 30 is conveyed to the evaporator 33 
through the fluid conductor 35. Before reaching the evaporator 33, however, the refrigerant 
passes through the thermal expansion valve 39. The valve 39 constricts the cross-sectional area 
of the fluid conductor 35, thereby establishing a pressure differential between the condenser 32 
and the evaporator 33. As a result, the refrigerant will be converted from a liquid on the 
condenser side of the valve 39 to a cold vaporized gas on the evaporator side of the valve 39. As 
the cold gaseous refrigerant is conveyed through the evaporator 33, air from the interior of the 
vehicle 20, under the influence of the fans 54, is passed across the heat exchanger 50 associated 
with the evaporator 33. Heat is extracted from the air at the heat exchanger 50, and the cool air is 
returned to the interior of the vehicle. Upon passing through the evaporator 33, the refrigerant is 
liquified and the liquid refrigerant is conveyed through the fluid conductor 36 to the compressor 
33. A controller or thermostat 70 is provided to activate the cooling circuit 30 whenever the 
temperature within the interior of the vehicle is greater than a preselected temperature and to 
deactivate the cooling circuit 30 whenever that preselected temperature is attained. 

[022] In addition to establishing a pressure differential in the cooling circuit 30, the thermal 
expansion valve 39 regulates the flow of the refrigerant from the condenser 32 to the evaporator 
33 in response to variations in the heat load in the evaporator. Thus, typically, when the cooling 
circuit 30 is first activated, the air within the vehicle will be at its warmest. Consequently, the 
thermal expansion valve will open and the rate of flow of the refrigerant from the condenser 32 
to the evaporator 33 will increase. As a result, the cooling effect produced in the cooling circuit 
30 at the evaporator 32, and its associated heat exchanger 50, will be enhanced. Conversely, as 
the air within the interior of the vehicle cools and is recirculated through the heat exchanger 50, 
the heat load in the evaporator will decrease. In response to this reduction in the heat load, the 
thermal expansion valve will reduce the rate of flow of the refrigerant from the condenser 32 to 
the evaporator 33. 



8 



[023] With respect to the cooling circuit 40, the functioning of the compressor 41 and the 
condenser 42 is, basically, the same as the functioning of the corresponding components in the 
cooling circuit 30. In other words, a refrigerant in the cooling circuit 40 is compressed in the 
compressor 41 and conveyed through the fluid conductor 44 to the condenser 42 where it is 
liquified. Liquification of the refrigerant occurs by the extraction of heat from the compressed 
refrigerant as the fans 5 1 cause ambient air to pass over the condenser 42 and its associated heat 
exchanger 47. The liquified refrigerant, as it exits the condenser 42, is conveyed through the fluid 
conductor 45 to the expansion valve 49. As indicated earlier, the expansion valve 49 comprises a 
capillary tube. The capillary tube has a fixed internal diameter that is smaller than the internal 
diameter of the fluid conductor 45. The capillary tube restricts the flow of the refrigerant in the 
fluid conductor 45, thereby establishing a pressure differential in the fluid conductor 45 between 
the condenser 42 and the evaporator 43. This pressure differential causes the liquified refrigerant 
to convert to a cold gas and that cold gas continues through the cooling circuit 40 to the 
evaporator 43. As air from the interior of the vehicle is recirculated over the heat exchanger 50 
associated with the evaporator 43, by the operation of the fans 54, heat from the air is extracted 
by the cold refrigerant and the cooled air is returned to the interior of the vehicle as shown by the 
arrows 56. In the case of the cooling circuit 40, because the capillary tube has a fixed internal 
diameter, the rate of flow from the condenser 42 to the evaporator 43 is, substantially, constant. 
The foregoing operation of the cooling circuit 40 will continue until such time as the temperature 
of the interior of the vehicle 20 reaches the preselected temperature set in a thermostat 71 for 
controlling the activation and deactivation of the cooling circuit 40. 

[024] As noted above, according to a usual method of operation in cooling the interior of a 
recreational vehicle, the activation and deactivation of the cooling circuit 30, containing the 
thermal expansion valve 39, is controlled by a thermostat set at a preselected temperature. The 
cooling circuit 30 will be activated whenever the temperature of the interior of the vehicle is 
greater than the preselected temperature and will be deactivated whenever the temperature of the 
interior of the vehicle reaches the preset temperature. At the same time, the thermostat 
controlling the cooling circuit 40 is set to activate the cooling circuit 40 only if the temperature of 
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the interior of the vehicle is greater than the preselected temperature by a preselected incremental 
amount. According to a specific operating mode that has been tested, the thermostat controlling 
the cooling circuit 40 is set to activate the cooling circuit 40 when the temperature of the interior 
of the vehicle is three degrees Fahrenheit greater than the preselected temperature. 

[025] As has been previously noted, although it has particular use as a cooling or air 
conditioning system, the invention can also be used as a heat pump. In that mode of operation, 
directional flow valves in the compressor are adjusted so that the flow of the refrigerant in each 
of the two circuits occurs in a direction opposite that shown by arrows 60. 

[026] Various modifications may be made in the invention, as described in detail above with 
reference to FIG. 2, without departing from the spirit thereof. Several of such modifications have 
been noted above. By way of example of another modification that may be made, the cooling 
circuit containing the thermal expansion valve can be the cooling circuit that is set to be 
activated only if the temperature of the air to be cooled exceeds a preselected temperature by 
more than an incremental amount. In that case, of course, the cooling circuit containing the 
capillary tube would be the only cooling circuit that would be activated when the temperature of 
the air to be cooled is greater than the preselected temperature by less than the preselected 
incremental amount. Also, the thermostats controlling the activation and deactivation of the two 
cooling circuits can be set at the same temperature if desired. These and other modifications may 
be made in the invention without departing from the spirit thereof. 
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